INTRODUCTION
This contribution focusses on the role marine biology -or more precisely marine species or marine model systems -have played in the elucidation of basic physiological processes. Many of these have turned out to be of utmost significance in understanding the function of the human body in health and disease or in developing therapeutical means to cure human maladies. The particular usefulness of marine models in a variety of these seminal discoveries can be traced back to three main reasons: (a) Abundance of species, size of biological model system, and ready accessibility lead to an ease of experimentation. (b) In several marine species, that represent early steps in mammalian evolution, organ structure is often quite simple and organ function is highly specialized. Such "unifunctionality" contrasts to the "multifunctionality" usually found in mammalian and human tissues and facilitates the investigation of a particular function in a defined, homogeneous cell population. (c) Most importantly, it has become clear, mainly through the recent advances in molecular biology and cell biology, that biodiversity in cellular function does not require an incomprehensible number of functionally different units: it can be reduced to the existence of a limited number of families of closely related molecules that are employed by nature to perform basic cellular functions (Kinne. 1991a) . These similarities allow us to draw conclusions from findings on marine organisms as to the function of a human organ with even more certainty.
In the following, mainly contributions of marine models to renal physiology and pathophysiology will be highlighted, but it should be emphasized that the role of marine models was equally important in other areas of cell research. In the area of oogenesis, spermatogenesis, cytokinesis, and reproduction, numerous studies on the eggs of sea urchins, sand dollars, and snails have laid a firm basis for our understanding of cell division and its temporal and spatial organization (Rappaport, 1991) . Elasmobranch testes have recently been discovered to provide an ideal model system for the studies of different phases of spermatogenesis and the viviparous dogfish is a suitable model for Biologische Anstalt Helgotand. Hamburg investigations of the hormonal regulation of reproduction (Callard, 1991; Koob & Callard, 1991) . In nerve physiology, the giant axon of the squid was -and continues to be -one of the prime model systems in which the properties of numerous ion channels and ion pumps have been characterized and their role in nerve conduction identified (Boron & Knakal, 1992; Hodgkin & Huxley, 1952) . Also the Na-K-ATPase, the primary pump maintaining intracellular ion homeostasis and cell volume, was first described by Skou in the leg nerves of crabs (Skou, 1957) , thereby providing the first link of an ATP-consuming cellular reaction to the translocation of inorganic electrolytes across cell membranes (Skou, 1989) . This enzyme was later found by Schatzmann (1967) to be inhibited by "cardiac glycosides" which are used for the treatment of heart failure. Until today, the sodium chloride-secreting rectal gland of the shark is one of the richest sources of this enzyme for biochemical and biophysical studies (Medzihradsky et al., 1967) . The rectal gland also, very early on, played an important role in elucidating the mechanisms of hormonal regulation of salt transport and intracellular signalling -an area still pursued vigorously using this organ as model system (Schofield et al., 1991) .
MARINE BIOLOGY AND RENAL PHYSIOLOGY
In Figure 1 , a scheme of a mammalian nephron is represented with its proximal tubule, Henle's loop, the distal tubule and the collecting duct. In all these parts of the kidney, studies on marine organisms have contributed essential information on the function of these segments and the cellular and molecular basis for their function.
For the proximal tubule, in 1923, the question was solved whether mammalian kidneys have the capability to excrete compounds from the blood into the primary urine (Marshall & Vickers, 1923) in addition to the -at that time -widely-accepted functions of filtration in the glomerulum and reabsorption along the tubule (Cushny, 1917 Fig. 1 . Schematic representation of a mammalian (human) nephron indicating some of the main segments where marine biology has considerably contributed to elucidating the cellular and molecular mechanism of their function (Lophius piscatorius), i.e. an aglomerular fish, in which no filtration occurs, and substances transferred from the blood to the urine must have passed the renal cell in a secretory direction (Marshall & Grafflin, 1928) . This process was first found for a variety of organic dyes and later led to the development of contrast media to trace the urinary tract, or to measure renal blood flow. This route is still employed for the targeting of antibiotics in renal infection or of diuretics to their intratubular site of action. The cellular mechanism underlying tubular secretion was also first unveiled using fish models, such as the flounder, (Forster & Taggart, 1950; Kinter, 1966) . In Figure 2 , studies are shown in which proximal tubules dissected from the flounder kidney were incubated in a bath containing a radioactively labelled weak organic acid (Kinter, 1975} . The subsequently obtained autoradiograph clearly estabhshes that during secretion by the cells, weak organic acids are first accumulated intracellularly and then further accumulated within the tubular lumen. The driving force for the latter accumulation could be identified in flounder kidney brush border vesicles -and later also in mammalian kidneys -to be provided by the electrical potential across the brush border membrane (Eveloff et al., 1979) . The mechanism of accumulation at the basal pole of the cell is depicted in Figure 3 (Kinne, 1988a; Pritchard, 1990; Shimada et al., 1987} . Indirect couphng between a sodium gradient-driven organic acid uptake system {e.g. for glutarate) and an exchange of intracellularly accumulated glutarate with a weak organic acid, comprises the sequence of events that ultimately lead to the intracellular accumulation of the weak organic acid. Such a mechanism has proved to be operating also for example in the excretion of uric acid in crustaceans (A. Nies et al., unpubl, obs.) as well as in mammals (Maxild et al.. 1981) . Figure 4 depicts the mechanisms involved in active chloride transport in the shark rectal gland and in the mammalian thick ascending limb of Henle's loop. This model was first proposed in 1985 (Epstein & Silva, 1985) and experimentally proven in studies on the rectal gland and the flounder intestine (Kinne. 1988b : Kinne, 1991b . The essential elements of this model are the Na-K-2C1 cotransporter which is responsible for the intracellular accumulation of chloride, the chloride channel through which chloride leaves the cell at the opposite side, the potassium channel which allows potassium to leave the cells, and the above described Na-K-ATPase. This enzyme maintains the sodium gradient across the cell membranes and provides the primary driving force for the active transcellular chloride transport. It is interesting to note that one of the first indications of the involvement of the Na-K-2C1 cotransporter in active chloride transport in the kidney, was an observation made by us during a stay at the Biologische Anstalt Helgoland. In perfusion studies using rectal glands of Scilliorhinus canaliculus it could be shown that compounds strongly promoting salt secretion (or inhibiting salt reabsorption) in the mammalian kidney also strongly inhibited chloride transport in the rectal gland, as (Greger, 1985) . It was further shown that these transport systems have similar properties -as depicted for the Na-K-2C1 cotransporter in Table 1 (Table 2 ; [Stokes et al,, 1984] ), a rather simple epithelium, will undoubtedly lead to a detailed characterization of the transport system and to a much better understanding of the mechanism of action of these drugs.
Finally, recent studies on the collecting duct have concentrated on the role nf nrganir Note that sodium and chloride transport are inhibited to the same extent suggesting the presence of an electroneutral NaC1 cotransport in this renal segment. For further information see Ellison et al. 1987 {reprinted with kind permission) Table 2 . Effect of hydrochlerothiazide on simultaneously determined sodium and chloride tracer fluxes in the urinary bladder of the winter flounder {Pseudopleuronectes americanus). Mucosa-toserosa denotes the fluxes measured when tracer ions were present at the surface representing the lumen of the bladder; serosa-to-mucosa depicts fluxes when tracer ions were present at the outside of the bladder. Net fluxes represent the difference between the fluxes found in the mucosa-to-serosa direction and those observed in the serosa-to-mucosa direction. Note the similarity of sodium and chloride net fluxes and the parallel inhibition by hydrochlorothiazide. Modified after Stokes et al., 1984, with Garcia-Perez & Burg, 1991) . During the formation of concentrated urine, these cells are exposed to salinities which are similar to or exceed those encountered by marine organisms. These organic osmolytes have for a long time already been identified in marine orgamsms/see Table 3 : [Yancey et al., 1982] ) and are also found in the mammalian papilla (Table 4 ). The regulation of their intracellular concentrations according to the external osmolarity has been extensively studied for example in skate erythrocytes (Goldstein & Brill 19911 . Again numerous similarities have become apparent, and it is to be expected that the cross-talk between disciplinesas m the other examples mentioned above -will yield fruitful and important insights into general physiological mechanisms.
CONCLUDING REMARKS
In the future, marine biological models will continue to foster progress in the understanding of molecular, cellular and systemic processes in biomedicine. Undoubtedly, a major impact will be made by studies on the molecular biology of basic physiological and pathophysiological events. At the same time however, an equally strong emphasis should be placed on integrative aspects in marine biology and biomedicine alike: only the integration of knowledge obtained at various levels of complexity and in various areas of research will lead to a thorough understanding of life on this planet and to the development of strategies to protect it. 
